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Effect㎡InSertioliPhasesOfUnilateralShoulderFlexionand
ExtensiononWalk-LikeLowerL加bExercise
withTheCrossedInnervationActed
HiroShiToYAMA')andKatsuoFuJIwARA')
(ReceivedApril30,1992)
1．Introduction
Accordingtotheprogressofmotorlearning,themotorcontrolofvoluntarymovement
isautomatizedincompanywithshiftoftheneuralcentersofmOtorcontroltothelower
neuralcenters4'6).ToyamaandFujiwara8'9''')obtainedthephenomenathattheautomat-
izedlevelofmotorcontrolcouldbeevaluatedbytheinterferencedegreebetweentheupper
limbexerciseandlowerlimbexercise.Byanalyzingoftheinterferencedegreeofthe●
●
uperlimbsexercisetothewalkingexercise,WeobtainedtheresulthathemotOrpon"!
●
oRhelowerlimbsduringthewalkingexerCiseofadultsubjectswashighlyautomatizedU
●
AnautomatizationofmotorcontrolimpliesachangeoftheregulationwhichShift
towardreflexibility.Thesimultaneouscontroloftheupperlimbandlowerlimbisbased
ontheneurallinkagebetweenthoselimbs''2).Therefore,thefunctionalstateofthe
interlimbreflexinthevoluntarycontrolmaybereflectedontheaspectoftheinterference.
Fromthisviewpoint,weinvestigatedtheeffectofinsertionphasesofunilateral●
Shouldefflexionandextensiononthewalk-likelowerlimbexercisewiththecrossed●
innervationacted.
2．MethOds
Thesubjectswere9males,agedfroml8to
37yearsold(tablel).Thesubjectsperformed
thesteppingwithholdingtheirupperlimbsin
lateralsideofthebody,inthefrequencyofl20
times/min.Theyperformedaslightflexionor
TablelAge,HightandWeightofthe
subjects
n
mean
S.D.
Weight
瀞Age Hight(755fS)(cn')(
9
22．4
6．24
9
168.3
3．68
9
61．7
9．33
')DepartmentofHealthandP厨証alEducation,CollegeofLiberalArts,KanazawaUniversity,
1-1Marunouchi,Kanazawa,920Japan.
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Fig.1Measurmentoftheinterferenceoftheunilateralshouldermovementtothewalk-like
lowerlimbsexercise(A:steppingwithoutshouldermotion.B:insertionofshoulder
flexion.C:insertionofshoulderextension).
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Fig.2Experimentalschedule.
extension(about20degrees)ofrightshoulderinresponsetoalightsignalwhilestepping
(figurel).AlightsignalwerepresentedatO,100,200,300and400msecafterthecontact
ofrightorleftfoot,usingadelayedsignalgenerator(HIRUTAM.E.,modelHFT.907).
Figure2showstheexperimentalschedule.Inthesesignalconditions,6trialswerecarried
outrespectivelyThesubjectsweregiventheinstructiontomaintainthestepcycleand
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Fig.3Typicalrecordingofalightsignal,EMGsofanteriordeltoidandposteriordeltoidand
footswitchsignals.
performetheshoulermovementinresponsetoalightsignalassoonaspossible.The
footswitchsignalsofbothfeet,electromyographies(EMGs)ofanteriordeltoidmuscle
(DA)andposteriordeltoidmuscle(DP)ofrightsideWerepickedup.Thetimeinterval
ofthealternatefootcontacts(stepinterval)andthemuscleonsetsofDAandDPwere
analyzedusingamicrocomputer(EPSON,PC-286LS).IntheA/Dconversion,aresolu.
tionwasl2bittandasamplingintervalwas2msec.Theinterferencedegreeofthe
insertionofshouldermovementtothewalk-likelowerlimbsexerCisewasevaluatedbythe●
changeofstepinterval
Inaddition,therelationbetweenthemotiOnofrightshoulderjointandtheEMG
activitieswasinvestigatedwhilesteppingwiththemovementofbOthsidesofshoulder(the●
●
naturalstepping).
Thesignificantleveloft-testusedinthisstudywas5%,
3．Results
Figure3Showsthetypicalrecordingofalightsignal,EMGsofDAandDPand
footswitchsignalsintheconditionofshoulderflexion.
Intheconditionofshoulderflexion,onestepintervalinwhichtheonsetofDAactivity
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Fig.4Ratioofonestepcycle(thesummationofonestepintervalinwhichthemuscleonset
ofdeltoidwascontainedandonestepintervalfollowingbyit)tothatjustpriortoit,
wascontainedoronestepintervalfollowingbyit,orbothwereshOrtenedinaspecific
phaseofstepping.Figure4showstheratioofonestepcycle(thesummationofthesetwo
stepintervals)tothatjustpriortoit(SC-ratio).WhenthemuscleonsetofDAexisted
betweenOmsecand398msecafterleftfootcontactandbetweenl50msecand398msec
a仕errightfootcontact,theSC-ratiowassignificantlydecreased.
Thesimilarphenomenawereobtainedintheconditionofshoulderextension.When
themuscleonsetofDPexistedbetweenlOOmsecand298msecafterrightfootcontactand
between200msecand248msecafterleftfootcontact,thedecreaseofSC-ratiowas
significant.
Inthenaturalstepping,thetimingthatrightshoulderchangedthemovementdirection
inbackwas357±27.3msecaftertheleftfootcontact.Thetimingsofonset,peakandend
intheEMGofDAwere290士44.9msecaftertheleftfootcontact,428±40.9msecafter
thatandl6±45.1msecaftertherightfootcontact,respectively.Thetimingthatright
shoulderchangedthemovementdirectioninfrontwas348±25.9msecaftertherightfoot
contact.Thetimingsofonset,peakandendintheEMGofDPwere88i78.9msecafter
therightfootcontact,418士88.4msecafterthatand93±67.0msecaftertheleftfoot
contact,reSpectively.
Figure5showsthemuscleactivitiesinthenaturalsteppingandthetmerangeof
muscleonsetsofDAandDPinwhichtheSC-ratiosignificantlydecreasedintwoconditions
oftheshouldermovement.
EffectofShoulderMovementonWalk-LikeLowerLimbExercise 53
1
Del・a DeI・a．
●●●●●●
Del.p・
…
???
remarkabIe
interference
(rightside) Del.p・
●●●ー●●●
peak
。シ〆冨､趣．
peakEMGactivity DeI､a
乱
motionof
shoulderjoint
(rightside)
fIexionextensIon
■■■■■■■■■■■■■
xtension
回■■
e
トー 一一一｣旦幽pOtg聖上且gー 一計
foot
rightfootcontact
一計
01002003004000100200300400(msec.）
Fig.5Muscleactivitiesinthenaturalsteppingandthetimerangeofmuscleonsetsofanterior
andposteriordeltoidinwhichthe.stepcycleratiosignificantiydecreased.
4．DiscusSiOn
Patla7)reportedthattherightshoulderflexionshortenedthedurationsofthestance
andswingphasesrelatetothewalkingcycle.However,theshoulderflexionwasso
forcefulandlargethatthesechangesmaybeduetonotonlytheneuralconnectionbetween
theupperlimbandlowerlimbbutalsothephysicalfactor.Inthisstudy,weutiliZeda
slightmovementofshoulderinordertopreventthephysicalchange・Nevertheless,the
remarkabledecreaseofSC-ratioappeared.Thisinterferencemaybeproducedunderthe
neuralconnectionbetweentheupperandlowerlimb.
Theremarkableinterferenceoftheshouldermovementwasappeardontwophasesin
thestepcycle.OneofthemwaswhentheactivitiesofDAandDPstartedbeforethepeak
oftheirmuscleactivitiesinthenaturalStepping･AnotherphasecorreSpondedtothetime
thatthesemuscleswerenotactivatedinthenaturalstepping･Itseemsthattheformer
phenomenonisthecontralateralfacilitationandthelatterphenomenonistheipsilateral
facilitationforthelowerlimbwhicharecausedbyaninsertionofshouldermovement.
However,thetimerangethatthecontralateralfacilitationexistedwasWiderthanthatof
theipsilateralfacilitation.Lloyd5),GernandtandShimamura3)reportedthatthecrossed
anduncrossedneuralpathwaysexistedbetweentheforelimbsandhindlimbsincat.In
addition,theyshowedthatthecrossedneurallinkagewasmorestrongthantheuncrossed
one・Aswellasanimal,thestrongcrossedneurallinkagebetweentheupperandlower
limbshasbeenshowninman').
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Itisconceivablethattheresultsinthisstudysuggestanaspectofintegrationofthe
interlimbreflex.inthevoluntarycontrolofupperlimbexerciseduringthewalk-likelowe,･
limbexercise.
5．Summary
Fromthepointofviewthathowtheinterlimbreflexfunctioninthevoluntarycontr(>l
ofupperlimbexerciseduringthewalk-likelowerlimbexercise,weexaminedtheeffect()f
insertionphasesofunilateralshoulderflexionandextensiononthewalk-likelowerliml)
exercise.NinemalesubjectsperformedsteppingwithholdingtheirupperlimbSinlateral
sideofthebody,inthefrequencyofl20times/min.Theyperformedaslightflexion()r
extensionofrightshoulderinresponsetoalightsignalwhilestepping.Alightsignalwere
presentedatO,100,200,300and400msecaftercontactofrightorleftfoot.Thesummarv
oftheresultswasshownbelow.
1)Intheconditionofshoulderflexion,whenthemuscleonsetofanteriordeltoid
existedbetweenOmsecand398msecafterleftfootcontactandbetweenl50msecand398
msecafterrightfootcontact,onestepintervalinwhichtheonsetofanteriordelt()i(1
activitywascontainedoronestepintervalfollowingbyit,orbothweresignificantly
shortened.
2)Intheconditionofshoulderextension,whenthemuscleOnsetofposteriordelt()id
existedbetWeenlOOmsecand298msecafterrightfootcontactandbetween200msecan(1
248msecafterleftfootcontact,onestepintervalinwhichtheonsetofanteriordelt()i(1
actiyitywascontainedoronestepintervalfollowingbyit,orbpthweresignificantly
shortened.
3)Inbothconditionsoftheshouldermovement,theremarkableshorteningofstel)
cycleWasappeardontwophasesinthestepsycle.Oneofthemwaswhentheactiviti(g,s
ofanteriorandposteriordeltoidstartedbeforethepeakoftheirmUscleactivitiesinthe
naturalstepping・AnotherphaseWascOrrespondedtothetimethatthesemuscleswert'
notaCtivatedinthenaturalstepping.
Itisconceivablethattheseresultssuggestanaspectofintegrationoftheinterlimb
reflexinthevoluntarycontrolofupperlimbexerciseduringthewalk-likelowerliml)
●
exerc1se．
ReferenceS
1)Delwaide,P.J.,Figiel,C.andRichelle,C.(1977)EffectsofposturalchangeSoftheupperlimbonrefiex
transmissioninthelowerlimb.J・Neurosurg.Psychiat.,40,616-621.
EffectofShoulderMovementonWalk-LikeLowerLimbExercise 55
2)Gernandt,B.E.andMegirian,D.(1961)AscendingpropriospinalmeChanisms.J.Neurophysio1.,24,
364-376.
3)Gernandt,B.E.andShimamUra,M.(1961)Mechanisumsofinterlimbreflexesincat.J.Neurophysio1.,
24,665-676.
4)Jackson,J.H・(1898)Relationsofdifferentdivisionsofthecentralnervoussystemtooneanotherand
topartsofthebody.Lancet,In:SelectedwritingsofJohnHughlingsJackson,vol・I1,Tailor,J.
(Ed.),(1932),HodderandStoughton,London,422.443."
5)Lloyd,D.P.C.(1942)Mediationofdescendinglongspinalreflexactivity.J・Neurophysio1.,6,435-458.
6)Paillard,J.(1960):．Thepatterningofskilledmovement.In:Handbookofphysiology,sectionl:
Neurophysiology,vol.Ⅲ,Field,J.(Ed),AmericanPhysiologicalSociety,Washngton,1679.1708.
7)Patla,A.E.(1986)Adaptationofposturalresponsetovoluntaryarmraiscsduringlocomotionin
humans・Neurosci.Letters,68,334-338.
8)Toyama,H.andFujiwara,K.(1990)Interferenceofupperlimbsexercisctotheperodiclowerlimbs
exercisewithdifferentautomatizedlevels・Jpn.J.Phys・FitnessSportsMed.,39,44-52.
9)Toyama,H.andFujiwara,K・(1990)Interferencebetweenupperlimbsexerciscandthelowerlimbs
exerciseinrhythmicalskilltraineesofupperlimb.Biomechanicsl990,JapanescSocietyofBiome.
chanics(Eds.),MedicalPress,Tokyo,pp.103.107.
10)Toyama,H.,Fujiwara,K､,Asai,H,andYamasllina,T.(1990)Interferenceofasingleupperlimbs
exerciseonthewalkingcycle.Jpn.J.Hum.Posture,10,143-148.
11)Toyama,H・andFujiwara,K.(1991)Interferencebetweenupperlimbsexerciscandlowerlimbs
exercise.Ann.Sci.KanazawaUniv.,28,39-47.
